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Giving up in the face of emotional arousal and psychologic 
uncertainty are conditions conducive both to vasodepressor 
syncope and sudden death. Under such circumstances there 
may be simultaneous activation of two emergency biologic 
regulatory systems, flight-fight and conservation-withdrawal. 
In the healthy person this may result in vasodepressor 
syncope, benign arrhythmias, or both. In the presence of 
factors lowering the threshold for conduction disturbances, 
dangerous arrhythmias and sudden death rather than, or as 
well as, vasodepressor syncope may result. Although active 
myocardial damage by itself may provide the necessary and 
sufficient conditions for lethal arrhythmias, psychic 
uncertainty must be considered an additional risk factor. The 
implications of this concept for patient care and prevention 
of sudden death are a challenge for future research. 


WHen A PERSON COLLAPSES but quickly recovers, it is 
called fainting or syncope. When he dies within the next 
few minutes, it is called sudden or instantaneous death. 
Soma Weiss (1) once referred to sudden death as “‘irre- 
versible syncope." Vasodepressor, or as it is sometimes 
called, vasovagal syncope is generally considered quite 
benign and, indeed, is in most instances. Widely appreci- 
ated is that this type of fainting is particularly likely to 
occur among apprehensive individuals experiencing or 
facing injury, sometimes quite trivial, for example, a veni- 
puncture. That psychologic factors are pre-eminent is ev- 
ident from the fact that vasodepressor syncope sometimes 
is referred to as ‘emotional fainting.” 

Both the physiologic and psychologic aspects of vaso- 
depressor syncope have been subject to considerable 
study for more than 30 years (1-12). More recent studies 
have called attention to similarities between psychologic 
settings conducive to sudden death and those operating 
in vasodepressor syncope (13, 14), This raises the ques- 
tion whether the physiologic processes conducive to vaso- 
depressor syncope set in motion by such psychologic fac- 
tors may not under some circumstances interact with 
pre-existing or concurrent cardiovascular processes and 
result in “irreversible syncope,” that is, sudden death. 
Two examples illustrate the problem. 
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A 44-year-old woman with no particular complaints was 
scheduled for a routine venipuncture as part of a general check- 
up. Because the patient was always extremely fearful about hav- 
ing blood drawn, and usually fainted, the precaution was taken 
of placing her in a recumbent position. Within seconds of the 
needle’s puncturing the vein, she complained of feeling weak, 
broke out into a cold sweat, turned pale, and went into cardiac 
arrest. No heart sounds were audible, carotid and femoral pul- 
ses were absent, there was no spontaneous breathing, and her 
pupils became widely dilated. Immediate cardiopulmonary re- 
suscitation was instituted, and the patient regained conscious- 
ness approximately 2 min later. Recovery was complete within 
15 min. She refused hospitalization and left the office on her 
own power. When seen 18 months later she had remained well 
(15). 

A 55-year-old man, who had had his first myocardial infarc- 
tion 6 months earlier, was being worked up in the emergency 
department for what proved to be a second infarction, when he 
developed ventricular fibrillation and cardiac arrest. He was 
promptly and successfully resuscitated. Interviewed several 
days later, the patient reported that he had been feeling pain- 
free and relatively comfortable until the house officer began 
what proved to be an unsuccessful effort to do an arterial punc- 
ture. As the intern persevered in his fruitless endeavor, the pa- 
tient became apprehensive, concerned about the doctor's com- 
petence, and then overwhelmed with a sense of impotence to do 
anything about his situation. During these several minutes he 
first felt hot and flushed, his chest pain returned, and then while 
the intern was out of the room looking for someone to help him 
with the arterial puncture, the patient became weak and then 
suddenly passed out (16). 


Such catastrophic situations hardly lend themselves to 
careful clinical study. In the first case the sequence of 
events justifies the interpretation of vasodepressor syn- 
cope, but we cannot know the mechanism of the cardiac 
arrest or whether recovery would not have occurred 
spontaneously. In the second case the reaction developed 
while the house officer was preoccupied with the arterial 
puncture, and the arrest occurred while he was out of the 
room. Hence no data are available as to sequence of heart 
rate and blood pressure changes up to the moment when 
the ventricular fibrillation developed, But the very cir- 
cumstances responsible for this lack of precise data in 
these two cases highlight why so little has been written 
on the potential lethality of the vasodepressor reaction 
and why it is so difficult to investigate. 

Yet sufficient knowledge exists to indicate that some of 
the psychologic determinants and physiologic mecha- 
nisms implicated in vasodepressor (vasovagal) syncope 
may also be involved in some instances of sudden (instan- 
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taneous) death, that is, death of a person not heretofore 
considered terminal occurring within a few minutes. We 
will review these data as the basis for a unified theory, 
which postulates that physiologic processes associated 
with psychologic giving up in the face of emotional 
arousal and psychologic uncertainty may culminate in 
vasodepressor syncope in the relatively healthy person 
and in sudden death in the person with defective cardio- 
vascular homeostatic systems of whatever origin. This is 
a matter of grave and practical importance, for a prime 
setting for the induction of vasodepressor syncope and 
arrhythmias is the performance of diagnostic procedures 
(4, 6, 17-21). Although reflex factors often are involved in 
such reactions, insufficiently appreciated are the psycho- 
logic elements predisposing to such cardiovascular reac- 
tions, especially among apprehensive, ill-prepared pa- 
tients. The physician's attention to such considerations 
may possibly make the difference between life and death. 


Vasodepressor Syncope 


Early experimental studies of vasodepressor syncope 
focused on reflex mechanisms, investigators using such 
procedures as venipuncture, hyperventilation, inflation of 
a balloon in the esophagus, stomach, duodenum, rectum, 
or vagina, and exposure to high altitude in a decompres- 
sion chamber to induce the faint (3-6). Although these 
measures occasionally culminated in a vasodepressor re- 
sponse, contrary to expectation, no consistent patterns, 
reflex or otherwise, emerged. Even with the most drastic 
measures most volunteers, more often men, did not faint, 
and among those who did, the response usually could not 
be replicated on a second or third effort. As the subject 
became familiar with the laboratory procedure the effects 
diminished or disappeared altogether, even among some 
with a history of repetitive fainting in the past. On the 
other hand it soon became all too clear that the physical 
means being used to induce fainting were far less impor- 
tant than how the subject experienced it. A dramatic il- 
lustration is a 35-year-old physician volunteering for 
studies of decompression sickness in a high-altitude de- 
compression chamber during World War II. A civilian, 
he felt under strong obligation to contribute to the war 
effort. He developed vasodepressor syncope during a ven- 
ipuncture in the course of the routine examinations car- 
ried out before he entered the decompression chamber for 
the first time. Although he was promptly placed in the 
recumbent position, bradycardia and postural hypoten- 
sion persisted for 2 h and 20 min, terminating only when 
he was assured that his services as an experimental sub- 
ject would not be needed. This man had a history of 
frequent fainting in the past, as did a 17-year-old boy 
who developed syncope merely upon seeing the intern 
approach with a syringe to draw blood. Although the 
venipuncture was not carried out, he too remained hypo- 
tensive for 2 h until the syringe was removed from the 
bedside table where it had been left in full view the entire 
time (5). 

The unreliability of such experimental strategies led to 
an inquiry into what was common to all the circum- 
stances under which vasodepressor syncope occurred in 
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everyday life as well as in the laboratory. Physical injury 
or threat of physical injury, actual or symbolic, quickly 
emerged as one major, if not the major, common denomi- 
nator. Yet most persons suffering or threatened with 
physical injury, especially minor injury, do not faint. Psy- 
chologic and social factors prove to be crucial. Vasode- 
pressor fainting is more likely to occur when two condi- 
tions hold: first, when the physical injury or threat is one 
with which the person is relatively unfamiliar or with 
which he has not been able to cope in the past, especially 
when associated consciously or unconsciously with fanta- 
sies or fears of mutilation; second, when the injury or 
threat occurs under circumstances that he feels, rightly 
or wrongly, he is expected to face with equanimity, if not 
courage. Some who faint are quite conscious of their an- 
ticipatory apprehension and their reluctance to acknowl- 
edge it. Others claim that the faint comes literally out of 
the blue. Developmental factors, personal and cultural, 
which sensitize some and inure others to trauma, render 
some individuals highly susceptible and others virtually 
immune. Such a formulation is consistent with the find- 
ing that vasodepressor syncope occurs in our machismo 
culture more commonly among men than women, espe- 
cially in settings in which the man feels the ambience to 
be one of strong social disapproval of any display of 
weakness (5, 6, 11). The need to exaggerate bravery, 
strength, aggressiveness, and other culturally defined at- 
tributes of manliness and to deny, minimize, or at least 
not acknowledge fear, coupled with shame for failure to 
live up to such standards, constitute the classic psycho- 
logic preconditions for vasodepressor syncope. The faint- 
ing reaction is likely to ensue when the individual feels 
himself to have no escape from the situation provoking 
such a dilemma. The obligation to submit to painful, 
frightening, and unfamiliar diagnostic and treatment pro- 
cedures is a prime example. 

The typical sequence of circulatory changes during va- 
sodepressor syncope is biphasic. There is an initial period 
of a minute or two during which heart rate, blood pres- 
sure (diastolic more than systolic), total systemic resist- 
ance, and cardiac output all increase (2, 5, 9). During this 
phase the individual may appear, but not necessarily ex- 
press or acknowledge being, apprehensive. This physio- 
logic pattern then abruptly reverses, more dramatically in 
an upright than in a recumbent position. Heart rate, sys- 
temic and pulmonary arterial blood pressures, total sys- 
temic and pulmonary vascular resistance, cardiac output 
and index, ventricular work, and atrial pressure all fall 
(2, 5, 8, 9). Muscle blood flow increases markedly, estab- 
lishing muscle as one site of the decreased systemic resist- 
ance (2, 10, 22). The fall in blood pressure is more rapid 
and pronounced in an upright position, as is the cardiac 
deceleration, which may reach significantly bradycardiac 
levels with sinus arrest and escape rhythms. Atropine 
prevents bradycardia but not the depressor response, 
Loss of venous tone, which would increase venous pool- 
ing in an upright position and accentuate the depressor 
response, has been suggested but is not proved (7, 8, 12). 
Clinically this second phase is characterized by feelings 
of weakness, particularly in the legs, pallor, sweating, and 
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nausea, culminating in lightheadedness or unconscious- 
ness if recumbency is not achieved before systolic blood 
pressure has fallen below 70 to 80 mm Hg. Abdominal 
cramps, peristaltic rushes, and even vomiting or a bowel 
movement may sometimes ensue. 

From the physiologic point of view it is difficult not to 
be impressed with the abrupt shift from one circulatory 
pattern to another that characterizes vasodepressor syn- 
cope. In 1947 we ascribed this abrupt circulatory change 
to the fact that the circulatory preparation for flight was 
persisting at the same time that psychologic inhibition of 
motor activity, marked by muscle inactivity and hypoto- 
nia, had developed (5). We interpreted the abrupt in- 
crease in muscle blood flow shown by Barcroft (2) at the 
inception of the second phase as evidence of the continu- 
ing preparation for flight, whereas the complaint of weak- 
ness and the inclination to lie down reflected the con- 
scious appreciation of the motor inhibition. We ascribed 
the fall in blood pressure to the impairment in venous 
return consequent to the cessation of the pumping action 
of the now hypotonic muscles. Normally, muscular con- 
tractions help empty the well-filled veins toward the 
heart, thereby compensating for both the large volume of 
blood in muscle and the hydrostatic effects of gravity. 
Our interpretation that the depressor reaction results 
from pooling of blood in the hypotonic muscles seemed 
to gain some support from the demonstration in the labo- 
ratory that the fall in blood pressure could be countered, 
albeit transiently, by having the fainter rhythmically con- 
tract his calf muscles (5). 

Since this formulation was put forth we have come to 
appreciate that it fails to account for important aspects of 
the reaction, notably the prominence of vagal and other 
parasympathetic activities. On the other hand a good 
deal of physiologic data consistent with the thesis has 
been forthcoming. Most important has been the demon- 
stration of the existence of sympathetic vasodilator fibres 
to muscle that inhibit the tone of the precapillary resist- 
ance vessels, Uncertainty as to whether such a vasodila- 
tor system exists in primates has now been settled in the 
affirmative, though it is not cholinergic as in carnivores 
(23). This vasodilator system provides a mechanism for 
anticipatory circulatory adjustment to deliver more oxy- 
gen to muscles to be used for flight or fight. It is part of 
the cortico-hypothalamic-spinal-mediated response pat- 
tern, the so-called “defense reaction,” which ordinarily is 
provoked by threat of danger and which provides for the 
massive mobilization of the total resources of the organ- 
ism for flight or fight (24-26). The demonstration that the 
“defense reaction,” including marked muscle vasodilata- 
tion, can be induced by stimulation of afferent fibres con- 
sidered to be part of the nocioceptive system is in keeping 
with psychologic data linking vasodepressor syncope 
with injury or threat of injury (27), Consistent too is that 
this muscle vasodilatation can be conditioned to threat 
and to exercise (28). What is puzzling, though, is why in 
vasodepressor syncope such vasodilatation persists in the 
face of muscle inactivity. Normally when muscle contrac- 
tion does not promptly ensue, such neurogenic vasodila- 
tation tends to be counteracted by a locally induced “‘au- 


toregulatory escape” (29). This and the prominence of 
vagotonic and other parasympathetic phenomena are 
questions that remain unanswered. 


Sudden Death 


Let us defer further examination of this question and 

direct attention to psychophysiologic processes that may 
be implicated in the catastrophe of instantaneous or sud- 
den death. Accounts of such occurrences go back to an- 
tiquity and are part of folklore. In two publications I 
have reviewed such classic reports and examined the data 
from 275 examples of sudden death culled from the news- 
papers for clues to the circumstances surrounding such 
events (13, 14). Eight life settings were identified: 21% 
died upon the impact of the news of the collapse or death 
of a close person and another 9% on the threat of immi- 
nent loss of such a person. Twenty percent dropped dead 
during the first 3 weeks of acute grief and 3% during 
mourning or upon an anniversary of a death. Public hu- 
miliation and loss of self-esteem were associated with the 
sudden death of 6%. Twenty-seven percent died sudden- 
ly in settings of extreme personal danger or upon threat 
of injury, whereas another 7% died shortly after the dan- 
ger had passed. And finally, 6% collapsed during the 
excitement of reunion, triumph, or a happy ending. Com- 
mon to all of these situations were events or circum- 
stances that were impossible for the victims to ignore and 
to which they responded with overwhelming excitation 
or giving up, or both. Such cases of course represent only 
that small fraction sufficiently dramatic to attract the at- 
tention of the press. Most, but by no means all, occurred 
among individuals with pre-existing cardiovascular dis- 
ease. 
Following up on this anecdotal approach, Myers and 
DeWar (30) studied the circumstances attending 100 sud- 
den deaths among men younger than 70 with coronary 
artery disease established by coroner’s necropsies. Infor- 
mation came from relatives and others interviewed with- 
in 5 to 10 days of the death. Twenty-three percent were 
found to have experienced a significant degree of psycho- 
logic stress in the 30 min before the death and another 
40% in the preceding 24 h, a total of 63%. Twenty-eight 
percent, including five of the above, had been under stress 
for 6 months or more. Evidently significant psychologic 
stress may precede sudden death even more frequently 
than the newspaper items had suggested. 

Other studies have considerably refined knowledge of 
psychosocial factors predisposing to sudden death or po- 
tentially lethal arrhythmias. Wolf and his associates (31- 
34) in a retrospective study found a significant associa- 
tion between failure to survive a myocardial infarction 
and pre-existing dejection, dissatisfaction with achieve- 
ment, and depression. In a prospective study they were 
successful in predicting from psychologic measures the 
likelihood of sudden death among patients who had suf- 
fered a well-documented myocardial infarction 2 months 
or more in the past (32). Three dimensions showed pre- 
dictive strength, the “Sisyphus reaction,” the extremes of 
Rosenman’s Behavior Pattern A, and depression. The 
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“Sisyphus reaction” describes an “effort-oriented" person 
who Strives against odds, but with very little sense of 
accomplishment or satisfaction. It derives from the myth- 
ical character fated to push a stone up a hill only to have 
it roll down just as he is about to get it to the top. Such 
findings are complemented by Rahe’s demonstration that 
more life changes occurred during the 6 months immedi- 
ately before myocardial infarction among those who had 
died abruptly than among those who survived (35-36). 
These investigators suggest that such a build-up of life 
changes may herald increased vulnerability to myocardial 
infarction or sudden death during the next 6 months or 
so. Twenty years ago Edward Weiss and his associates 
(37) had reported “mounting tension” over months to 
have preceded myocardial infarction among 50% of the 
patients they studied. 

Greene, Moss, and Goldstein (38) interviewed close 
relatives of 54 victims of sudden death, the great majority 
of whom had a history of preceding angina, hypertension, 
and myocardial infarction. Forty-one (76%) were regard- 
ed as having been depressed for weeks or months before 
sudden death, usually in relation to estrangement, separa- 
tion, or disappointment involving a close family member, 
particularly a son or daughter. Shortly before their death 
half of these 41 men had abruptly become more de- 
pressed, whereas the rest had suddenly become either an- 
gry, anxious, or physically overactive. Significant anni- 
versaries contributed to these developments on a number 
of occasions. Rose’s (39) telemetered observations of dan- 
gerous arrhythmias among spectator sportsmen also doc- 
ument the role of excitement and disappointment. 

Not much has been written about circumstances sur- 
rounding the development of life-threatening arrhythmi- 
as among patients with myocardial infarction in the 
emergency department or the coronary care unit (CCU). 
Wolf (34) found that patients who reacted emotionally to 
events in the CCU were more likely to develop arrhyth- 
mias, arrest, or sudden death, Episodes of ventricular fi- 
brillation have been noted during ward rounds and with 
the impact of dramatic arrival in an emergency depart- 
ment or CCU (40, 41). Lewis and Gotsman (42) report 
six patients who died suddenly while awaiting coronary 
artery surgery. 

A series of papers on sudden death among younger 
people with various types of cardiac abnormalities are of 
interest for the light they throw on physiologic mecha- 
nisms, even though psychologic data are only fragmen- 
tary. James (43), noting the role of exertion and fright in 
precipitating syncope and sudden death in children with 
heritable Q-T prolongation, suggested that psychic influ- 
ences inducing premature ventricular contractions may 
in the presence of a long Q-T interval lead more readily 
to ventricular fibrillation, a supposition now documented 
clinically (43-45). Wellens, Vermeulen, and Durrer (44) 
described a 14-year-old girl, in whom being awakened by 
a loud noise induced Q-T prolongation followed by pre- 
mature beats culminating in ventricular fibrillation. The 
initial episode coincided with being awakened from sleep 
by a loud thunderclap, apparently establishing a condi- 
tioned reflex, for only a loud noise had such an effect. 
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Green and colleagues (47) reported sudden unexpected 
death in three generations, among them a 14-year-old girl 
who collapsed and died upon receiving the news that her 
15-year-old brother had died just as he completed a race. 
In the family studied by McRae and associates (48) one 
son died suddenly at age 17 when startled by a friend, a 
second at age 12 while swimming, and a third, also at age 
12, when he was frightened by a spider and ran to tell his 
companions. The mother had experienced about 25 epi- 
sodes of syncope between ages 15 and 25, always precipi- 
tated by an emotionally stressful event causing fright or 
anger. A fourth heretofore asymptomatic son was found 
at 11 years of age to have a short P-R interval and promi- 
nent U waves. His first syncopal episode occurred at age 
12'/, during a baseball game when he became angry upon 
being tagged out. In hospital no rhythm disturbances 
were noted when the patient was calm, but various diag- 
nostic procedures, from venipuncture to cardiac catheter- 
ization and induction of anesthesia, evoked pronounced 
apprehension and a sequence of sinus tachycardia, multi- 
focal ventricular premature beats, and sometimes ventric- 
ular tachycardia degenerating into ventricular fibrilla- 
tion. 

To summarize, the situations in which sudden cardiac 
death or potentially lethal arrhythmias occur range from 
overwhelming catastrophes, to relatively ordinary every- 
day upsets, to trivial circumstances having the character- 
istics of conditioning stimuli; or nothing may be noted or 
reported, The reported emotional responses include star- 
tle, fright, anger, helplessness, excitement, and even joy. 
Among some patients there is a preceding build-up for 
weeks or months of life changes productive of disappoint- 
ment, dissatisfaction, and depression. Regestein's (49) re- 
port on seven patients with a variety of recurring and 
potentially dangerous arrhythmias particularly empha- 
sizes the frequency with which unusual or extreme fa- 
tigue may place individuals at risk for an arrhythmic epi- 
sode. 


Behavioral Induction of Sudden Death in the Laboratory 


With this background let us turn now to the experi- 
mental induction by behavioral means of arrhythmias 
and sudden death in animals in the laboratory. Such 
studies fall into two groups, those in which arrhythmias 
and sudden death were an unanticipated outcome and 
those in which psychologic stress was used to lower the 
threshold to arrhythmias in the presence of myocardial 
ischemia or infarction. In all instances the most effective 
model was one in which the animal was placed in a situa- 
tion about which it could do nothing or in which its ef- 
forts ultimately proved unavailing. 

Corley and coworkers (50-52) studied myocardial de- 
generation and cardiac arrest in squirrel monkeys sub- 
jected in a restraining chair to shock and shock avoidance 
to the point of exhaustion. In the shock-avoidance situa- 
tion animals had to depress a lever every 40 sec to avoid a 
shock to the tail, which recurred every 5 sec until the 
lever was depressed. A second restrained monkey was 
yoked to the first avoidance animal but not provided with 
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a lever to depress, hence receiving a shock each time the 
avoidance monkey failed to lever press. Avoidance ses- 
sions were scheduled 8 h on and 8 h off until the animal 
became fatigued. This occurred sooner among yoked ani- 
mals and animals untrained in the shock-avoidance pro- 
cedure than among animals already trained. Typically all 
animals, avoidance and yoked, showed cardiac accelera- 
tion during the initial phases and then some degree of 
slowing as the experiment progressed. Deaths occurred 
particularly among animals that had stopped responding 
to the shock, whether yoked or in the avoidance situa- 
tion. In such animals severe bradycardia developed dur- 
ing 5 to 10 min, with QRS lengthening, T-wave inversion, 
descending pacemaker, and finally ventricular arrest. 
Corley and coworkers postulate a sudden change in auto- 
nomic input to the heart, either parasympathetic activa- 
tion or withdrawal of sympathetic input, occurring when 
the stress became overwhelming and the animal “gave 
up,”” an explanation reminiscent of that put forth by 
Richter (53) in his experimental induction of sudden 
death of wild rats. Corley and Mauck (54) report that the 
severe bradycardia and ventricular asystole may also oc- 
cur among vagotomized monkeys subject to shock-avoid- 
ance stress. Myofibrillary degeneration occurred com- 
monly, especially among the untrained shock-avoidance 
animals, but did not correlate with ventricular arrest and 
death, which sometimes occurred with few or no myocar- 
dial lesions. 

Johansson and associates (55) produced “restraint- 
stress” by subjecting pigs to electric shock five or six 
times during a 20-min period during which the pigs had 
been rendered immobile by injections of succinylcholine, 
Of the 23 animals, all developed T-wave inversion. The 
most frequent arrhythmia was ventricular tachycardia, 
which occurred in 14 animals. In two cases sinus arrest 
with slow ventricular escape was seen, and in five cases, 
sinus bradycardia. Two of the latter terminated in ven- 
tricular standstill and death; in one instance this was pre- 
ceded by ventricular fibrillation. At autopsy all animals 
showed severe acute cardiopathy, with subendocardial 
hemorrhages and acute cell damage. The hearts of ani- 
mals receiving succinylcholine alone were unaffected. 

Soviet investigators have induced vascular lesions and 
sudden death in monkeys by violating social relation- 
ships. In one study the dominant male was removed from 
the colony and placed alone in an adjacent cage with a 
clear view of his erstwhile subordinates feeding and en- 
gaging in sexual activity (56). The typical reactions re- 
ported were violent excitement, frantic rushing about, 
vigorous attacks on the wire netting, and furious cries. 
No matter how hard the male attempted to re-establish 
his status, all efforts failed and he was forced to live in 
conditions where his actions did not elicit any response. 
No reference is made as to whether these animals also 
became less active or withdrawn, but other reports sug- 
gest this would be a likely reaction. 

Sudden death of wild animals upon capture or caging 
is well known to trappers and zoo keepers. Hofer (57) 
showed that the prolonged immobility induced in cap- 
tured wild rodents by sudden stimulation is accompanied 


by very slow heart rates and a 71% incidence of cardiac 
arrhythmias, including varying degrees of sinus node and 
atrioventricular block with escape rhythms and multifo- 
cal ventricular ectopic beats. Twenty-six percent of the 
trapped animals died within the first week in the labora- 
tory (57). 

Lown and his associates (58-61) have shown that in 
dogs restrained in a sling and exposed to electric shock 
the threshold of the ventricular vulnerable period for elic- 
iting repetitive estrasystoles, a measure of susceptibility 
to ventricular fibrillation, is significantly lower than when 
in their familiar cages. In the sling the dogs were restless 
and tremulous, salivated, and had sphincter relaxation. 
The threshold-lowering effect was greater before the ani- 
mals became acclimated to the sling, when there was 
greater uncertainty, and was eliminated by prestress ad- 
ministration of a cardioselective beta-adrenoceptor block- 
ing agent. After recovery from occlusion of the left ante- 
rior descending coronary artery, re-exposure to the sling 
environment resulted in diverse ventricular arrhythmias, 
including ventricular tachycardia, disturbances not pres- 
ent when the animals were returned to their cages (62). 
Sometimes merely re-enacting the sequence of events that 
anticipated delivery of the shock, such as the sound of the 
switch, sufficed to provoke major arrhythmias, an effect 
not produced by shock alone. Notable were striking indi- 
vidual variations, indicating alteration in both sympa- 
thetic and parasympathetic activity. Some dogs showed a 
brief period of tachycardia followed by sinus bradycardia; 
others showed persistent sinus tachycardia. The ventricu- 
lar tachycardias that ensued after 30 to 60 sec were irreg- 
ular and slow in the first group and rapid, unifocal, and 
regular in the second group. These arrhythmic responses 
waned during a period of 3 days despite persistence of 
behavior disturbance, indicating that the psychophysio- 
logic effects required a substratum of electrical instability 
of the myocardium. 

Similar findings have been reported in pigs with experi- 
mental coronary insufficiency. Thus Lee and colleagues 
(63) showed that pigs with experimentally induced coro- 
nary atherosclerosis commonly succumbed to ventricular 
fibrillation or asystole in response to even minor beha- 
vioral disturbances. Skinner, Lie, and Entman (64) 
showed that the latency to ventricular fibrillation imme- 
diately following coronary artery occlusion in the con- 
scious pig could be significantly prolonged by first adapt- 
ing the animal to being tied down in the recording cham- 
ber. Propranolol had a deleterious effect on latency of 
ventricular fibrillation in unadapted and partially adapt- 
ed pigs but no effect on adapted pigs, indicating the im- 
portance of psychophysiologic factors as variables influ- 
encing the outcome of beta blockade. Although the data 
are still fragmentary, it is worth noting that during en- 
forced helplessness or fruitless effort in the face of nox- 
ious stimulation, animals with undamaged hearts more 
commonly exhibited bradycardia preceding the lethal ar- 
rhythmia than did those with myocardial ischemia or in- 
farction. Bradycardia has been noted in the presence of 
sustained sympathetic activity among persons watching 
violent movies (65, 66). 
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The Psychophysiologic Substrate 

Ordinarily cardiovascular events reflect what the or- 
ganism is doing somatically, and there is much evidence 
to show that this linkage of cardiac and somatic events is 
based on a common central neural mediating mechanism 
(67). Thus, to a major extent, cardiovascular homeosta- 
sis, with its ultimate requirement to assure adequate 
blood supply to the brain and heart, can be maintained in 
the face of the rapidly changing metabolic needs of mus- 
cle, including the preparation for flight or struggle. Yet in 
vasodepressor syncope this regulation fails. Circulatory 
preparation for flight as indicated by increased muscle 
blood flow persists in the face of muscle inactivity, blood 
pressure and cardiac output fall, and the ultimate failure 
of circulatory homeostasis ensues, namely, insufficient 
blood supply to the brain. What then accounts for the 
failure of the mechanisms that normally maintain the 
linkage between cardiovascular processes and somatic 
needs and results in the vasodepressor reaction? 

In 1945 we made the following comment: ‘*Parentheti- 
cally, this flight reaction suggests that it might be possible 
to relate the human experience of vasodepressor syncope, 
particularly as it concerns muscular relaxation, to the 
sham death of defenseless animals” (11). The full impli- 
cations of this conjecture were not to emerge for a num- 
ber of years. In a series of studies, which had nothing to 
do with vasodepressor syncope, we evolved the notion 
that there are two basic emergency systems to cope with 
potentially damaging environmental events (68, 69). One, 
broadly subsumed under Cannon's term, “flight-fight,” 
involves mobilization of resources for massive motor ac- 
tivity to deal with threat or danger; the other, “‘conserva- 
tion-withdrawal,” involves disengagement, withdrawal, 
and inactivity and serves to conserve energy, to reduce 
engagement with a threatening, overloading, or unsup- 
porting environment, and sometimes to render the organ- 
ism less conspicuous to predators. Sham death, “animal 
hypnosis,” hibernation, and aestivation represent some of 
the more obvious manifest expressions of conservation- 
withdrawal. We suggest that each of these patterns, 
flight-fight and conservation-withdrawal, is mediated by 
its own neural organizations, which may correspond with 
what Hess (70) and Gellhorn (71) had earlier designated 
the “ergotropic”’ and “trophotropic” systems respective- 
ly. The ergotropic system integrates functions that pre- 
pare the organism for action by alerting, arousal, excite- 
ment, increase in skeletal muscle tone, and sympathetic 
nervous system activity. The trophotropic system inte- 
grates processes that promote withdrawal and conserva- 
tion of energy, raise the stimulus barrier to perceptual 
input, decrease muscle tone, increase parasympathetic ac- 
tivity, and promote circulation of anabolic hormones. 
According to Gellhorn (71) these two neural systems or- 
dinarily are in a finely balanced reciprocal relation so that 
when one becomes more active the other becomes corre- 
spondingly inhibited. At sufficiently high levels of activa- 
tion of one, however, inhibition of the opposing system 
may be total, Such dominance of one system over the 
other characterizes the massive mobilization for flight or 
struggle on the one hand and the profound inhibition of 


conservation-withdrawal on the other. In each the result- 
ing physiologic organization and activity are geared ex- 
clusively to serve the immediate emergency survival 
needs of the organism at the time. 

On the other hand, under conditions of extreme or 
conflicting stimulation, Gellhorn (71) showed that the 
reciprocity between the two systems may break down, 
Under such circumstances both systems become active, 
simultaneously or in rapid alternation with each other. 
Clash or confusion between simultaneous but incompati- 
ble conditioning processes, each of which presents a 
threat to the organism, may have just such an outcome. 
This constitutes the neurophysiologic basis for the beha- 
vioral disorganization typically exhibited by animals un- 
der overwhelming stress: the dog that startles, crouches, 
trembles, moves about aimlessly, barks, whines, salivates, 
urinates, defecates, pants, piloerects, and sometimes even 
momentarily dozes, all indicative of simultaneous or rap- 
idly alternating sympathetic and parasympathetic activi- 
ty and of flight-fight and conservation-withdrawal. 

Viewed from the psychologic perspective we suggest 
that such breakdown of the normal reciprocity between 
the ergotropic and trophotropic systems may occur 
whenever overriding uncertainty exists for the animal as 
to the outcome of an imminent or a present threat of 
danger. Ordinarily under such circumstances cither 
flight-fight or conservation-withdrawal is mobilized, but 
when the organism is also lacking in the information nec- 
essary to establish which of the two responses is the more 
appropriate, the likelihood of breakdown in reciprocity 
between the two systems is enhanced. Such may occur 
when the danger situation is one that has never before 
been encountered; when environmental circumstances in- 
terfere with the normal response, as, for example, when 
an animal that normally meets danger by flight is physi- 
cally restrained; or when a previous experience with the 
threatening situation has established the futility of either 
response. The crucial psychologic variable is the degree 
of unresolvable uncertainty. Many studies have shown 
that even transient, minor uncertainty about a sensory 
input is associated both with momentary cessation of mo- 
tor activity and with cardiac deceleration, decreased car- 
diac output, and increased muscle blood flow (72-77). 
Ordinarily the initial phase of such uncertainty is marked 
by a brief period of scanning and appraisal, ‘“‘a momen- 
tary state of suspended animation,”’ before commitment 
to one or another activity is made (67). With more seri- 
ous threat or danger inability to achieve a satisfactory 
solution may usher in a period of unresolvable indecision 
whether to respond actively or give up, thereby setting 
the stage for uncertainty of physiologic response and ulti- 
mate breakdown of reciprocity, with simultaneous or 
rapidly alternating activation of both flight-fight and con- 
servation-withdrawal. 

Vasodepressor syncope fits this model. It typically de- 
velops under circumstances perceived as involving injury 
or threat of injury where personal psychologic variables 
invoke uncertainty not only as to outcome but also as to 
whether flight or giving up is the more adaptive emergen- 
cy response. Fear, a wish to flee, shame at weakness, and 
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an inclination to give up reflect the critical intrapsychic 
conflict and describe the typical psychologic mix associ- 
ated with vasodepressor syncope. The reaction begins 
with arousal, alerting, and anticipation, accompanied by 
the hyperdynamic circulatory processes preparatory for 
action typically associated with sympathetic nervous sys- 
tem activity. But as psychic conflict and uncertainty 
reach a climax the inhibitory responses of conservation- 
withdrawal, with associated parasympathetic activity, are 
invoked as well, and both systems then may become ac- 
tive simultaneously or alternatively. This accounts for the 
paradox of the vasodilation in muscle of flight-fight con- 
tinuing in the face of the muscle inhibition of conserva- 
tion-withdrawal. Also, the fact that both the sympathetic 
and parasympathetic systems are discharging together or 
in rapid sequence has consequences for the heart that 
further disrupt circulatory adjustment. For it is known 
that in the presence of sympathetic stimulation both the 
chronotropic and the inotropic effects of vagal stimula- 
tion are exaggerated, thereby contributing to the inappro- 
priate bradycardia and the depression of myocardial con- 
tractility typical of vasodepressor syncope (8, 78). The 
net result is a major impairment of the capacity to main- 
tain cardiac output adequate to sustain arterial blood 
pressure in the face of lowered systemic resistance, espe- 
cially in an erect position. That both emergency systems 
are active during vasodepressor syncope also accounts for 
the prominent display of other inappropriate autonomic 
manifestations, for example, sweating, nausea, and hyper- 
peristalsis. 

Seen from the organismic perspective, vasodepressor 
syncope reflects the ultimate disruption of cardiovascular 
adjustment that may take place when acute psychologic 
uncertainty in the face of threat evokes conflicting emer- 
gency physiologic responses. Such uncertainty as to 
which of opposite emergency behaviors is called for, 
whether active engagement or giving up, results in pro- 
nounced cardiovascular instability as central neural con- 
trol systems oscillate between the opposing cardiovascu- 
lar responses appropriate for each. Ordinarily the capaci- 
ty of the circulatory system to re-establish homeostasis, 
even in the face of profound hypotension and heart block, 
is more than adequate. Blood pressure promptly returns 
to a level adequate for vital needs as soon as a recumbent 
position is attained or when convulsive movements occur, 
while regular ventricular escape rhythms or quick resto- 
ration of sinus rhythm ends the threat of cardiac arrest 
(6). Quite different may be the outcome in the presence of 
a substratum of electrical instability of the myocardium. 
Under such conditions either phase of the vasodepressor 
reaction, the hyperdynamic, sympathetic phase of prepa- 
ration for action or the hypodynamic, parasympathetic 
phase of withdrawal, may terminate in cardiac arrest and 
sudden death. During the hyperdynamic reaction in- 
creased sympathetic nervous system activity and catechol 
secretion may further lower the threshold for ventricular 
fibrillation already reduced by pre-existing unstabilizing 
factors in the myocardium (58-60, 64, 79-91). During the 
hypodynamic phase, heart block without effective escape 
rhythms or re-entrant ventricular rhythms with risk of 


ventricular fibrillation may be induced by the bradycar- 
dia associated with excessive vagal activity (92, 93). In 
addition pronounced hypotension may secondarily con- 
tribute through ischemia to further impairment of electri- 
cal stability of the myocardium and hence enhance the 
risk of ventricular fibrillation. 

More complex and less well understood are the impli- 
cations for induction of dangerous ventricular arrhythmi- 
as of the autonomic imbalance that characterize the vaso- 
depressor reaction, particularly the arrhythmogenic ef- 
fects of rapid fluctuations in cardiosympathetic input in 
the face of the heightened vagotonia characteristic of the 
individual who feels helpless in the face of threat or dan- 
ger (66, 72). Such bursts of sympathetic activity may mir- 
ror transient behavioral shifts to the more active orienta- 
tion of flight-fight as well as be associated with barorecep- 
tive and cardiocardiac reflexes secondary to catechola- 
mine activity or acute myocardial damage (94-97). Gunn 
(98) succeeded in eliciting lethal ventricular arrhythmias 
after anterior descending coronary artery ligation by first 
stimulating the vagus to depress the normal conduction 
system and then applying cardiosympathetic stimulation. 
Adrenergic substances are known to increase arrhythmi- 
as occurring during the vagotonia of increased intracrani- 
al pressure (99). Consistent with such a perspective is the 
observation that onset of ventricular fibrillation often is 
preceded by rapid fluctuations in sinus rhythm. The tem- 
poral and spatial imbalances that might ensue from such 
fluctuations, especially in the presence of localized myo- 
cardial damage, are known to increase electrical instabili- 
ty of the heart (85, 92, 100, 101). 

Because of the complexity of the interactions that exist 
between the central as well as between the peripheral 
components of the autonomic nervous system involved in 
cardiovascular regulation, caution is called for in apply- 
ing to intact animals the results of experiments involving 
animals not conscious or intact. This warning especially 
applies to present-day conventional wisdom that vagal 
activity necessarily protects against malignant ventricular 
arrhythmias (62, 83, 86, 91, 102-105). In actuality, even 
in experiments that purport to document the protective 
action of the vagus, such protection is not complete. For 
example, under maximal vagal stimulation 20% to 30% 
of cats still succumb to fatal ventricular fibrillation after 
acute myocardial infarction (84, 85). In the presence of 
depressed cardiac sympathetic function, vagal activity 
may actually enhance, and atropine protect, cats from 
ventricular arrhythmias after coronary occlusion (106). 
The earlier cited studies of monkeys and pigs subjected to 
stress showed that when death occurred during a period 
of bradycardia, it involved either permanent arrest or 
ventricular fibrillation (50-52, 54, 55). Skinner, Lie, and 
Entman (64), studying ventricular fibrillation latency af- 
ter coronary artery occlusion in the conscious pig, 
showed that the effects of beta-adrenergic blockade were 
different depending on the psychologic state of the ani- 
mals. Thus pigs already adapted to the laboratory were 
more resistant to ventricular fibrillation, and propranolol 
afforded no further protective effect. In contrast, una- 
dapted animals not only were highly susceptible to ven- 
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tricular fibrillation, but beta-adrenergic blockage even 
further increased vulnerability. These investigators ap- 
propriately caution that when a cardioactive drug is stud- 
ied in the conscious animal, its effects may be misinter- 
preted unless a suitable experimental design is used to 
control for the effects of the psychologic variable. 

Such a caveat is even more critical in the interpretation 
of data on sudden death among patients. For example, 
overactivity of both divisions of the autonomic nervous 
system, as evidenced by tachycardia and bradycardia, is 
commonplace during the early phases of myocardial in- 
farction when sudden death is also most frequent (107, 
108). Atropine has been shown to improve hemodynam- 
ics and reduce arrhythmias among patients with brady- 
cardia and hypotension (107-110). Although the role of 
cardiogenic factors in the genesis of such autonomic hy- 
peractivity is well established, sufficient attention has not 
been paid to elucidating how such cardiogenic reflexes 
may interact with autonomic activity of psychic origin, 
whether antedating, concurrent with, or in reaction to 
the heart attack. The pain of the myocardial infarction, 
uncertainty as to outcome, and the fear of diagnostic pro- 
cedures are all conducive to autonomic responses, includ- 
ing the full-blown vasodepressor response. Under such 
circumstances bradycardia may occur even in the face of 
sympathetic overactivity (64, 65, 108). The situation is 
further compounded when myocardial ischemia occurs in 
a person already psychologically upset, whether de- 
pressed, excited, or both (31-34, 38). Individual differen- 
ces are also important. Persons evidencing the Type-A 
coronary-prone behavior pattern display greater heart- 
rate variability in response to social challenge, suggesting 
greater lability in sympathetic-parasympathetic function 
(111). Postmyocardial infarction patients who are de- 
pressed also show greater variability of blood pressure 
and heart rate, and they are more likely to die suddenly 
(31-34). All of these facts warrant caution in assuming 
that vagal activity is necessarily protective against ven- 
tricular fibrillation under all circumstances encountered 
clinically. 

It seems reasonable to postulate that the physiologic 
lability induced by psychologic uncertainty, of which the 
vasodepressor reaction is the ultimate expression, may 
compound effects secondary to myocardial damage and 
thereby increase the risk of lethal outcome. Such an hy- 
pothesis deserves investigation. 


ACKNOWLEDGMENTS: Grant support: Dr. Engel is a Career Research 
Awardee of the U.S, Public Health Service. 

Based on the First Annual Edward Weiss Lecture, |! October 1975, Tem- 
ple University School of Medicine, Philadelphia, Pennsylvania; and the Abe 
Ravin Lecture, 31 May 1977, General Rose Hospital, Denver, Colorado. 


> Requests for reprints should be addressed to George L. Engel, M.D,; De- 
partment of Psychiatry, The University of Rochester; 260 Crittenden Boule- 
vard; Rochester, NY 14642. 


Received 5 December 1977; revision accepted 9 June 1978. 


References 
1. Weiss S: Instantancous “physiologic” death. N Engl J Med 223:793- 
799, 1940 
2. Barcrorr H, Eproim OG, McMICHAEL J, SHARPEY-SCHAFER EP: 
Posthemorrhagic fainting: study by cardiac output and forearm flow. 
Lancet 1:489-493, 1944 
3. Encet GL, Romano J, Wess JP, Ferris EB, Ryper HW, BLANK- 


410 September 1978 * Annals of Internal Medicine © Volume 8&9 © Number 3 


23. 


24, 


31. 


32. 


33. 


34. 


35. 
36. 


ENHORN MA: Syncopal reactions during simulated exposure to high 
altitudes in the decompression chamber. War Med 4;475-489, 1943 


. Encet GL, Romano J, McCLINn T: Vasodepressor and carotid sinus 


syncope: EEG, ECG and clinical observations. Arch Intern Med 
74:100-119, 1944 


. Encet GL, Romano J: Studies of syncope. IV. Biologic interpretation 


of vasodepressor syncope. Psychosom Med 9:288-294, 1947 


. Encet GL: Fainting: Physiologic and Psychological Considerations, 


2nd ed. Springfield, Illinois, Charles C. Thomas, 1962 


. Epstein SE, STamMpPrer M, Betser GD: Role of the capacitance and 


resistance vessels in vasovagal syncope. Circulation 37;524-532, 1968 


. Gick G, Yu PN: Hemodynamic changes during spontancous vasova- 


gal reactions. Am J Med 34-42-51, 1963 


. GRAHAM DT, Kasier JD, Lunsror L: Vasovagal fainting: a dipha- 


sic response. Psychosom Med 23:493-507, 1961 


, GREENFIELD ADM: An emotional faint. Lancet 1:1302-1303, 1951 
. Romano J; EnGet GL: Studies of syncope. HI. Differentiation be- 


tween vasodepressor and hysterical fainting. Psychosom Med 7:3-15, 
1945 


. WeissLik AM, WARREN JV; Vasodepressor syncope. Am Heart J 


$7:786-794, 1959 


. Encet GL: Sudden and rapid death during psychological stress. Folk- 


lore or folkwisdom? Ann Intern Med 74:771-782, 1971 


. Encer GL: Emotional stress and sudden death, Psychol Today 


11;114-118, 1977 


. Tizes R: Cardiac arrest following routine venipuncture. JAMA 


236;1846-1847, 1976 


. ENGEL GL; The care of the patient: art or science? Johns Hopkins Med 


J 140:222-232, 1977 


. Easrwoop GL; ECG abnormalities associated with the barium ene- 


ma. JAMA 219;719-721, 1972 


. Frercver GF, Earnest DL, SHUFOoRD WF, WENGER NK; Electro- 


cardiographic changes during routine sigmoidoscopy, Arch Intern 
Med 122:483-486, 1968 


. Katz D, Sevesnicx S: Cardiac arrest during sigmoidoscopy, Gas- 


troenterology 33:650-654, 1957 


. SCHUMAN BM, GALE H: Electrocardiographic changes associated 


with gastroscopy. Bul! Gastrointest Endosc 8:10-13, 1962 


. Levy N, ABINADER E; Continuous electrocardiographic monitoring 


with Holter electrocardiocorder throughout all stages of gastroscopy. 
Am J Dig Dis 22:1091-1096, 1977 


. GREENFIELD ADM: The effects of emotional stress in the circulation 


through voluntary muscles, in Shock: Pathogenesis and Therapy, edit- 
ed by Bocx K. Berlin, Springer-Verlag, 1962, pp, 177-185 

SCHRAMM LP, Honic CR, BiGNatt. KE: Active muscle vasodilation 
in primates homologous with sympathetic vasodilation in carnivores. 
Am J Physiol 221:768-777, 1971 

ABRAHAMS VC, HILTON SM, ZsRozyYNa A: The role of active muscle 
vasodilatation in the alerting stage of defense reaction. J Physiol 
171:189-202, 1964 


. ELIAson S, Fo_Kow B, LinpGREN P, Uvnas B: Activation of sympa- 


thetic vasodilator nerves to the skeletal muscles of cat by hypothalamic 
stimulation. Acta Physiol Scand 23;:333-351, 1951 


. Uvnas B: Cholinergic vasodilator nerves. Federation Proc 25:1618- 


1622, 1966 


. JOHANSSON B: Circulatory responses to stimulation of somatic affer- 


ents. Acta Physiol Scand $7(suppl):198-212, 1962 


. Boime P, Novotny J: Conditional reflex activation of the sympathet- 


ic cholinergic vasodilator nerves in the dog. Acta Physiol Scand 77:58- 
67, 1969 


. Dsorosucrro AM, Fo txow B, Lisanper B, Sparxs H: Mechanism 


of escape of skeletal muscle resistance vessels from the influence of 
sympathetic cholinergic vasodilator fibre activity, Acta Physiol Scand 
72;148-156, 1968 

Myers A, Dewar HA: Circumstances attending 100 sudden deaths 
from coronary artery disease with coroner's necropsies. Br Heart J 
37:1133-1143, 1975 

BRUHN JG, CHANDLER B, WoLr S: A psychological study of survi- 
vors and non-survivors of myocardial infarction. Psychosom Med 31:8- 
19, 1969 

Bruun, JG, Pareves A, ApseTr AC, WotF S; Psychological predic- 
tors of sudden death in myocardial infarction. J Psychosom Res 
18:187-191, 1974 

Wo LF S: Central autonomic influences on cardiac rate and rhythm. 
Mod Concepts Cardiovase Dis 38:29-34, 1969 

Wo te S: Psychosocial forces in myocardial infarction and sudden 
death, in Society, Stress and Disease, vol. 1, edited by Levi L: New 
York, Oxford Press, 1971, pp, 324-330 

RAHE RH, Lino E: Psychosocial factors and sudden cardiac death: a 
pilot study. J Psychosom Res 15:19-24, 1971 

RAHE RH, Romo M, BENNETT L, SILTANEN P: Recent life changes, 
myocardial infarction, and abrupt coronary death. Arch Intern Med 
133:221-228, 1974 


Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/19537/ by a University of California San Diego User on 04/14/2017 


37. 


48. 


49. 


$1. 


61. 


. Secvini A: Masked 


Weiss E, Ditn B, Rotutn HR, Fiscner HK, BerLer CR: Emotional 
factors in occlusion. I. Introduction and general summary. 
Arch Intern Med 99: 628-641, 1957 


. GREENE WA, Moss AJ, GOLDSTEIN S: Delay, denial and death in 


coronary heart disease, in Stress and the Heart, edited by ELtiot RL. 
Mt. Kisco, New York, Futura, 1974, pp. 143-162 


. Rose K; The post-coronary patient as a spectator sportsman. See Ref- 


erence 38, pp. 207-218 


. JARVINEN KAS: Can ward rounds be a danger to patients with myo- 


cardial infarction? Br Med J 1:318-320, 1955 

depression and coronary heart disease, in Masked 
Depression, edited by KietHorz P. Bern, Hans Huber, 1973, pp. 229- 
235 


. Lewts BS, Gorsman MS: Sudden death in patients awaiting coronary 


artery surgery. Thorax 29:209-214, 1974 


. James TN: QT prolongation and sudden death. Mod Concepts Cardio- 


vase Dis 38:35-38, 1969 


. Garza LA, Vick RL, Nora JJ, MCNAMARA DG: Heritable Q-T 


prolongation without deafness. Circulation 41:39-48, 1970 


. CSANADY M, Kiss Z: Heritable Q-T prolongation without congenital 


deafness (Romano-Ward syndrome). Chest 64:359-362, 1973 


4 WELLENS HJJ, VERMEULEN A, Durrer D: Ventricular fibrillation 


occ! on arousal from sleep by auditory stimuli. Circulation 
46:661-665, 1972 


- GREEN JR, Korovetrz MJ, SHANKLIN DR, De Vitro JJ, TAYLOR 


W3J; Sudden unexpected death in three generations. Arch Intern Med 
124;359-364, 1969 

McRae JR, WaGNer GS, RoGers MC, CANENT RV; Paroxysmal 
familial ventricular fibrillation. J Pediatr 84:515-518, 1974 

REGESTEIN QR: Relationship between psychological factors and cardi- 
sha and electrical disturbances. Compr Psychiatry 16:137-148, 
1975 


. Cortey KC, Suet FO, Mauck HP, Greennoor J: Electrocardio- 


graphic and cardiac morphological associated with environ- 
mental stress in squirrel monkeys. Psychosom Med 35:361-364, 1973 
Cortey KC, Mauck HP, SHiet FO: Cardiac responses associated 
with “yoked-chair” shock avoidance in squirrel monkeys. Psychophy- 
siology 12:439-444, 1975 

Cor.ey KC, Suet FO, Mauck HP, CLark LS, BArser JH: Myo- 
cardial degeneration and cardiac arrest in squirrel monkeys. Physiolog- 
ical and psychological correlates. Psychophysiology 14:322-328, 1977 


. Ricnter CP: On phenomenon of sudden death in animals and man. 


Psychosom Med 19:191-198, 1957 
Cortey KC, Mauck HP: Autonomic nervous system involvement in 
cardiac dysfunction (abstract). Soc Neuroscience 4:177, 1974 


. JOHANSSON G, JonsSON L, LANNEK L, BLOMGREN L, LinDBERG P, 


Poupra O: Severe stress-cardiopathy in pigs. Am Heart J 87:451-457, 
1974 

Lapin BA, Cuerkovicn GM: Environmental changes causing the 
development of neuroses and corticovisceral pathology in monkeys. See 
Reference 34, pp. 266-279 


. Horer MA: Cardiac and respiratory function during sudden pro- 


longed immobility in wild rodents, Psychosom Med 32:633-647, 1970 
Lown B, Verrier R, CoRBALAN R: Psychological stress and thresh- 
old for repetitive ventricular . Science 182:834-836, 1973 


. MATTA RJ, LAWLer JE, Lown B: Ventricular electrical instability in 


the conscious dog. Effects of psychologic stress and beta adrenergic 
blockade. Am J Cardiol 38:594-598, 1976 


. MATTA RJ, Verrier RL, Lown B: The repetitive extrasystole as an 


index of vulnerability to ventricular fibrillation. Am J Physiol 
230:1469-1473, 1976 

Law ter JE, Borricet.i LJ, Lown B: Changes in cardiac refractory 
period during signalled shock avoidance in dogs. Psychophysiology 
13:373-377, 1976 

CorBALAN R, VERRIER R, Lown B: Psychological stress and ventric- 
ular arrhythmias during myocardial infarction in the conscious dog. 
Am J Cardiol 34:692-696, 1974 


. Lee KT, Lee WM, Han J, Jagrmotycn J, BrsHor MB, Goce. BG: 


Experimental model for study of “sudden death” from ventricular fi- 
brillation or asystole, Am J Cardiol 32-62-73, 1973 


. SKINNER JE, Lig JT, ENtMAN ML: Modification of ventricular fibril- 


lation latency following coronary artery occlusion in the conscious pig. 
The effect of psychologic stress and beta-adrenergic blockade. Circula- 
tion 51:656-667, 1975 


. Levi L: See Reference 34, p. 466 
. CARRUTHERS M, TAGGART P: Vagotonicity of violence: biochemical 


and cardiac responses to violent films and television programs. Br Med 
J 3:384-389, 1973 


. Oprist PA, Wese RA, Sutrerer JR, HowaARp JL: The cardiac-so- 


matic relationship: some reformulations. Psychophysiology 6;:569-587, 
1970 


. ENGEL GL, REICHSMAN F; Spontancous and experimentally induced 


depressions in an infant with a gastric fistula. A contribution to the 


69. 


92. 


93. 


problem of depression. J Am Psychoanal Assoc 4:428-452, 1956 
ENGEL GL, SCHMALE AH: Conservation withdrawal: a primary regu- 
latory process for organismic homeostasis, in Physiology, Emotion and 
Psychosomatic Illness, edited by Porter R, KniGut J. Ciba Founda- 
tion Symposium 8 (new series), Amsterdam, Elsevier-Excerpta Medica, 
1972, pp. 57-85 


. Hess WR: The Functional Organization of the Diencephalon. New 


York, Grune & Stratton, 1957 


. GELLHORN E; Principles of Autonomic-Somatic Integrations. Minne- 


apolis, University of Minnesota Press, 1967 


. Opnist PA: The cardiovascular-behavioral interaction. As it appears 


today. Psychophysiology 13:95-107, 1976 


. Lacey JI, Lacey BC: Some autonomic-central nervous system inter- 


relationships, in Physiological Correlates of Emotion, edited by BLACK 
P. Appleton-Century-Crofts, 1967, pp. 14-42 


. Mititer RE, Caut WF; Influence of uncertainty on conditioned heart 


rates of monkeys. Physiol Behav 4:975-980, 1969 


. ADams DB, Baccetti G, Mancta G, ZANCHETT! A: Cardiovascular 


during naturally elicited fighting behavior in the cat. Am J 
Physiol 216:1226-1235, 1969 


. ADaMs DB, BacceLti G, Mancia G, ZancnetTT! A: Relation of 


cardiovascular changes in fighting to emotion and exercise. J Physiol 
212:321-335, 1971 


. Witttams RB, Brrrker TE, BucHsBAUM MS, WYNNE LC: Cardio- 


vascular and neurophysiologic correlates of sensory intake and rejec- 
tion. I, Effect of cognitive tasks. Psychophysiology 12:427-433, 1975 


. Levy MN: Sympathetic-parasympathetic interactions in the heart. 


Cire Res 29:437-445, 1971 


. Mecvitce KI, Garvey HL, Suister HE, Knaack J: Central ner- 


vous system stimulation and cardiac ischemic chaages in monkeys. 
Ann NY Acad Sei 156;:241-260, 1969 


. Leon AS, AsRAmMs WB; The role of catecholamines in producing ar- 


rhythmias. Am J Med Sci 262:9-13, 1971 


. Cuen HJ, Sun CS, Cuox CY, Snin LK, Cen K: Encephalogenic 


cardiomyopathy after stimulation of the brain stem in monkeys. Am J 
Cardio! 33:845-852, 1974 


. Hatt RE, Sysers HD, Greennoor JH, BLoor CM: Myocardial 


alterations following h ic stimulation in the intact conscious 
dog. Am Heart J 88:770-776, 1974 


. Corr PB, Giiuis RA: Role of the vagus nerves in the cardiovascular 


changes induced by coronary occlusion. Circulation 49:86-97, 1974 


. Corr P, Gituis RA: Effect of autonomic neural influences on the 


cardiovascular changes induced by coronary occlusion. Am Heart J 
89:766-774, 1975 


. ABILDSKOV JA: The nervous system and cardiac arrhythmias. Circula- 


tion $1-S2(supp! II1):111-116-119, 1975 

VerRIER RL, CALVERT A, Lown B; Effect of posterior hypothalamic 
stimulation on ventricular fibrillation threshold. Am J Physiol 228:923- 
927, 1975 


. REICHENBACH DD, Moss NS: Myocardial cell necrosis and sudden 


death in humans. Circulation $2(suppl I11):60-62, 1975 


. KoLmMan B, Verrier RL, Lown B: The effect of vagus nerve stimula- 


tion upon vulnerability of the canine ventricle role of sympathetic-par- 
asympathetic interactions. Circulation $2:578-585, 1975 


. KOLMAN BS, VERRIER RL, Lown B: Effects of vagus nerve stimula- 


tion upon excitability of the canine ventricle. Role of sympathetic-para- 
sympathetic interactions, Am J Cardiol 37:1041-1052, 1976 


. Lown B, TemTe JV, Reich P, GAUGHAN C, REGESTEIN Q, Hat H: 


Basis for recurring ventricular fibrillation in the absence of coronary 
heart disease and its management. N Engl J Med 294:623-629, 1976 


. Lown B, Verrier RL: Neural activity and ventricular fibrillation. N 


Engl J Med 294:1165-1170, 1976 

James TN: Sudden death related to myocardial infarction. Circulation 
45:205-214, 1972 

Kerzner J, Wo_r M, Kosowsxy B, Lown B: Ventricular ectopic 
rhythms following vagal stimulation in dogs with acute myocardial 
infarction. Circulation 47-44-50, 1973 


. MALLIANI A, SCHWARTZ PJ, ZANCHETTI A: A sympathetic reflex 


clicited by experimental coronary occlusion. Am J Physiol 217;703- 
709, 1969 


. PETERSON DF, Kaspar RL, BrsHop VS: Reflex tachycardia due to 


temporary coronary occlusion in the conscious dog. Cire Res 32:652- 
659, 1973 


. Ucnipa Y, Murao S: Excitation of afferent cardiac sympathetic nerve 


fibers during coronary occlusion. Am J Physiol 226:1094-1099, 1974 


. SCHWARTZ PJ, FoREMAN RD, Stone HL, Brown AM: Effect of 


dorsal root section on the arrhythmias associated with coronary occlu- 
sion. Am J Physiol 231-923-928, 1976 


. GUNN CG: Discussion, in The Artery and the Process of Arterioscle- 


rosis—Measurement and Moaification, edited by Wor S. New York, 
Plenum Press, 1972, p. 267 


. SMITH M, Ray CT: Cardiac arrhythmias, increased intracranial pres- 


sure, and the autonomic nervous system. Chest 61:125-133, 1972 


Engel © Stress, Syncope, and Sudden Death 411 


Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/19537/ by a University of California San Diego User on 04/14/2017 


100. 
101. 


103. 


104, 


105. 


412 September 1978 © Annals of Internal Medicine ® Volume 89 © Number 2 


Roserts J, Levitt B, STANDAERT FG: The autonomic nervous sys- 
tem and the control of cardiac rhythm. Nature 214:912-913, 1967 
RANDALL WC, Kave MP, HAGEMAN GR, Jacors HK, Ever DE, 
WEHRMACHER W: Cardiac dysrhythmias in the conscious dog after 
surgically induced autonomic imbalance. Am J Cardiol 38;178-183, 
1976 


. Kent KM, SmitrH ER, Repwoop DR, Epstein SE: Electrical stabili- 


ty of acutely ischemic myocardium. Influence of heart rate and vagal 
stimulation. Circulation 47:291-298, 1973 

Kent KM, Epstein S, Cooper T, Jacopowrrz DM: Cholinergic 
innervation of canine and human ventricular conducting system. Ana- 
tomic and electrophysiologic correlations, Circulation $0:948-955, 
1974 

Myers RW, PEARLMAN AS, HYMAN RM, GoLosTeIN RA, KENT 
KM, GoLpsTEIN RE, Epstein SE; Beneficial effects of vagal stimula- 
tion and bradycardia during experimental acute myocardial ischemia. 
Circulation 49:943-947, 1974 

Lown B, Verrier RL, Rasinowrrz SH: Neural and psychologic 


mechanisms and the problem of sudden cardiac death. Am J Cardiol 
39:890-902, 1977 


. SCARBOROUGH C, ConeEN YS: Effects of thoracic epidural block and 


atropine on postinfarction arrhythmias in the cat, Circulation 46(suppl 
11:40, 1972 


. Pantripce JF, ApGty AAJ; Pre-hospital coronary care. The mobile 


coronary care unit. Am J Cardiol 24;666-673, 1969 


. Were SW, Ancey AAJ, PANTRIDGE JF: Autonomic disturbances at 


the onset of acute myocardial infarction. Br Med J 3:89-92, 1972 


. CHADDA KD, Licutstein E, Gurta PK, Cxoy R: Bradycardia-hy- 


potension syndrome in acute myocardial infarction. Reappraisal of the 
overdrive effects of atropine. Am J Med $9-:158-164, 1975 


. WARREN JV, Lewis RP: Beneficial effects of atropine in the pre-hospi- 


tal phase of coronary care. Am J Cardiol 37:68-72, 1976 


. Demprowsk! TM, MAcDoucat JM, SHieLps JL: Physiologic reac- 


tions to social challenge in persons evidencing the Type A coronary- 
prone behavior pattern. J Hum Stress 3:3-9, 1977 


Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/19537/ by a University of California San Diego User on 04/14/2017 


